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Abstract
·AIM:Todevelopareliable,reproducibleratmodelof
retinalveinocclusion(RVO)withanovelphotosensitizer
(erythrosinB)andstudythecellularresponsesinthe
retina.
·METHODS:CentralandbranchRVOswerecreatedin
adultmalerats photochemically-inducedischemia.
Retinal changes were monitored color fundus
photographyandfluoresceinangiographyat1and3h,
and1,4,7,14,and21dafterirradiation.Tissueslices
wereevaluatedhistopathologically.Retinalganglioncell
survivalatdifferenttimesafterRVOinductionwas
quantifiedbynucleardensitycount.Retinalthickness
wasalsoobserved.
·RESULTS:Forallratsinboththecentralandbranch
RVOgroups,bloodflowceasedimmediatelyafterlaser
irradiationandretinaledemawasevidentatonehour.
The retinal detachment rate was 100% at 3h and
developedintobullousretinaldetachmentwithin24h.
Retinal hemorrhages were not observed until 24h.
Clearanceoftheoccludedveinsat7dwasobservedby
fluoresceinangiography.Diseasemanifestationinthe
centralRVOeyeswasmoreseverethaninthebranch
RVOgroup.Aremarkablereductionintheganglioncell
countandretinalthicknesswasobservedinthecentral
RVOgroupby21d,whereasmoderatechangesoccurred
inthebranchRVOgroup.
·CONCLUSION:RatRVOcreatedbyphotochemically-
inducedischemiausingerythrosinBisareproducible
andreliableanimalmodelformimickingthekeyfeatures
ofhumanRVO.However,consideringthe100%rateof
retinaldetachment,thisanimalmodelismoresuitablefor
studyingRVOwithchronicretinaldetachment.
· KEYWORDS: retinalveinocclusion;ischemia;laser
photothrombosis;ratmodel
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INTRODUCTION
R
etinalveinocclusion(RVO),whethercentralretinal
vein occlusion(CRVO)orbranchretinalvein
occlusion (BRVO),isthesecondmostcommonretinal
vasculardiseaseafterdiabeticretinopathy
[1].Pooleddata
frompopulationstudiesconductedintheUnitedStates,
Europe,Asia,andAustraliasuggestthatRVOaffectsabout
16millionadults
[2].Unfortunately,thereiscurrentlyno
definitivetreatmentforRVO.Recentlyreportedtreatments
thatinvolvedirectintravitrealinjectionsofanti-vascular
endothelialgrowthfactor(VEGF)agentsmayimprovebest
correctedvisualacuity,butseriousadversesideeffectssuch
ascataractandelevationofintraocularpressurecannotbe
ignored.AreliableanimalmodelofRVO(CRVOand
BRVO)isstillneededinpharmacotherapyresearch.
SeveralmethodsforinducingRVOinrabbits,cats,orrats
havebeendescribed,includinglightcoagulation,
endothelin-1 injection,mechanicalligation,and
photodynamicthrombosis
[3-7].Currently,themostcommon
methodtoinduceRVOinratsislaserphotocoagulationwith
aphotosensitizer
[7].ThephotosensitizerinRVOanimal
modelsisusuallyrosebengal,andthelaserenergyrequired
toactivaterosebengalishigh.Thusitisworthstudying
whetheranotherphotosensitizerthatrequireslessenergycan
beappliedtodevelopalaser-inducedphotothromboticmodel
ofRVO.
ErythrosinBisanartificialdyewidelyusedinthefoodand
textileindustries.Ithasahighmolarabsorptioncoefficient
andsingletoxygenquantumyield,whichmakesitapotential
photosensitizerforphotodynamicapplications.ErythrosinB
irradiatedbylaserhasbeenusedtodevelopanimalmodels
ofposteriorischemicopticneuropathy,neuropathicpain,and
RatretinalveinocclusioninducedbyerythrosinB
232陨灶贼允韵责澡贼澡葬造皂燥造熏灾燥造援 7熏晕燥援 2熏 Apr.18, 圆园14 www.IJO.cn
栽藻造押8629原愿圆圆源缘员苑圆 8629-82210956 耘皂葬蚤造押ijopress岳员远猿援糟燥皂
distalmiddlecerebralarteryocclusion
[8-10].Thislaser-driven
photochemicaltechniquecausesdirectperoxidationofthe
endothelialmembranebysingletmolecularoxygen,thenthis
photochemically-inducedendothelialdamage specifically
attractsplatelets, andthenplateletsdegranulateand
self-sensitizeachainprocessofaggregation,whichleadsto
vascularocclusion.
Currentdataisincompletewithregardtothenaturalhistory
ofCRVOorBRVOintheratmodel,notablyatthecellular
level.Inthepresentstudy,wedevelopedaratmodelof
RVOusingerythrosin Bas aphotosensitizerand
characterizeditthroughfundusphotography,fluorescein
angiography,andhistologicalanalysis.Ourobjectiveinthe
presentstudywastodemonstratethepotentialusefulnessand
practicalityofthisratmodelforstudyingobstructivechanges
intheretinalvasculatureinRVO.Ourpresentreviewofthe
courseofRVOusingthismodelcouldhelpother
investigatorsdecidewhetherthisisanappropriatemodelfor
theirspecificinterventions.
MATERIALSANDMETHODS
Animals Twenty-six(13CRVOand13BRVO)adultmale
Sprague-Dawleyrats(weight250-350g)wereusedinthis
study.Allproceduresconcerninganimalswereperformedin
accordancewiththeARVOStatementfortheUseof
AnimalsinOphthalmicandVisionResearch.Priorto
examinationortreatment,allratswereanesthetizedby
intraperitonealinjectionofketaminehydrochloride(100mg/kg
bodyweight).Eyesweretopicallyanesthetizedwith
oxybuprocainehydrochlorideeyedropsandthepupilswere
dilatedwith1%tropicamidesolutionpriortolaser
application.
CreationofCentralRetinalVeinOcclusionorBranch
RetinalVeinOcclusion Inallanimals,RVOwascreated
usinga532-nmgreenlaser(CoherentNovusOmni,
America)mountedonaslitlamp.Onlytherighteyeofeach
animalwasused;thefelloweyeservedasacontralateral
control.Eachanimalwaspositionedfacingtheslit-lamp
laserdeliverysystem,withoneeyelightedtouchingafixed
glasscoverslip,sothatdetailsofthefunduscouldbe
visualizedthroughthebiomicroscope.ErythrosinB(2%)was
injectedviathesuperficialdorsalveinofthepenisatadose
of20mg/kg.Within3minthelaserwasappliedtothe
selectedretinalveins.Theirradiatedspotwas1.5-2.0optic
diskdiametersawayfromtheopticnerve.Laserparameter
settingswere:100 滋mindiameter,0.2sexposuretime,and
100mWofpower.Fivetotenshotswereappliedtoeach
spotbeforetheblockagewasobserved.Allmajorveinswere
occludedinCRVOmodels,whileonlythenasalthreeveins
wereoccludedintheBRVOproceduretogenerateanasal
hemi-retinalocclusion.Duringirradiation,thetemperatureof
theratswasmaintainedat37-38℃.
Retinal Photography and Fluorescein Angiography
Funduscolorphotographyandangiographywereperformed
at1and3h,and1,2,4,7,14,and21daftertreatmentto
observetheevolutionofvenousocclusionandrelatedretinal
response.Eyescoveredwithafixedglasscoverslipwere
placedunderastereomicroscopeandthefunduswas
recorded byadigital camera (Canon90D,Japan).
Fluoresceinsodiumsolution(10%,0.2mL)wasintravenously
injected,andpenetrationintotheeyeswasconfirmedbythe
yellowchangeincoloroftheconjunctiva,atwhichtime
angiographswererecorded(HeidelbergHRT2,Germany).
HistopathologicalAnalysis Retinalhistologicalchanges
wereexamined7,14,and21dafterlasertreatment.Fourrats
ateachtimepointandgroupwereeuthanizedbyan
anestheticoverdoseforhistopathologicexamination.The
eyeswereenucleatedimmediatelyunderastereomicroscope
andimmersedin4%paraformaldehydefor24hat40℃ prior
toparaffinembedding.IntheBRVOmodel,tomarkthe
venousocclusionsideasuturewasperformedatthenasal
sidepriortoenucleating.Sections5-滋mthickobtainedbya
microtomewerestainedwithhematoxylinandeosinand
examinedbylightmicroscopy.
Tocomparethedifferencesinhistologicalreactionbetween
thelaser-treatedandcontralateralcontroleyes,cellsinthe
ganglioncelllayer(GCL)werecountedtoevaluatecellloss
intworetinalareas(peripheralandpara-opticnerve).Forthe
BRVOgroup,theuntreatedtemporalsideoftheretinaofthe
sameeyealsoservedasacontrol.Thenumberofnucleiin
targetedareasoftheGCLoftheposteriorpole(500 滋m
fromthecenteroftheopticdisc)andtheperipheralretina
(4mmfromthecenteroftheopticdisc)weretakenwithan
eyepiecereticuleofamicroscopeat400 伊 magnification.
Countsweretakenfromacomparableareaonthree
consecutiveslidesbytwoindependentindividuals(onewas
unawareofthetreatment).Theaveragenumberofcellsin
peripheral-,para-opticnerve-,andwhole-retinasections
(combiningperipheralandpara-optic cellcounts)was
calculated.Thepercentcelllosswascalculatedas:(control
cells-treatedcells)/controlcells 伊100%.
Statistical Analysis Analysisofvariance(ANOVA),
Student's -testandChi-squaredtestswereusedtocompare
differencesintheeffectsofthelaser-appliedRVOmodels,
timepoints,andretinalregions.
RESULTS
ColorFundusPhotographyandFluoresceinAngiography
Tworats(8%)wereexcludedfromfurtherstudybecausethe
vesselwallwasrupturedduringthelaserapplicationwhich
resultedinavitreoushemorrhageoverthelasersite.Therest
oftheratsallsuccessfullydevelopedRVO.
IntheCRVOgroupimmediatelyafterlaserirradiation,there
wasnobloodflowintheretinalveinsortheflowwas
extremelyslow.Thecoagulatedsitesshowedextreme
233Figure2RepresentativefluoresceinangiographysofratCRVOretinaatdifferenttimepoints A:Normalratretina;B:Onehour
post-irradiation,completeretinalveinocclusionandleakagecanbeseenfromboththelaser-occludedsitesandcapillariessurroundingthe
coagulatedtissue;C:At7d,fluoresceinangiographyrevealedreopeningoftheoccludedveinsandtortuousarteriesandveins;D:At21d,in
ratswithyellowprecipitatesfocalretinalhyperfluorescence(blackarrow)wasoccasionallyobserved,indicatingneovasculartufts.
Figure1RepresentativefundusphotographsofaCRVOratbeforeandateachtimepointafterlaserirradiation A:Normalrat
retinabeforeirradiation;B:At1hafterirradiationtheretinalveinswereoccludedanddilated,andtheretinabecameedematous;C:At3h,
peripheralRD;D:After1d,bullousRDanddisseminatedretinalhemorrhagesemerged;E:At4d,RDpartiallyresolved;F:By7d,theretina
reattachedspontaneouslywithareducednumberofperipheralhemorrhages;G:At14d,theaffectedretinaappearedpale;H:By21d,yellow
precipitateswereoccasionallyobserved.
vascularconstrictionandthedistalveinsappeareddilated
andtortuous(Figure1).Extensiveretinaledemawasevident
1hafterlasertreatmentandresultedinperipheralretinal
detachment(RD)at3h.TheperipheryRDdevelopedtoa
significantbullousRDwithin24h.Superficialanddeep
retinalhemorrhageswerenotobserveduntil1dafter
treatment.Retinaledemaandhemorrhagesteadilyincreased
until4d,atwhichtimetheybegantograduallysubside.Slit
lampexaminationat7dsuggestedthatthedetachedretina
hadreattachedspontaneouslyandregainedatransparent
appearance,withareducednumberof peripheral
hemorrhages.Theaffectedretinaappearedpaleafter14d,
andby21dyellowprecipitateswereoccasionallyobserved.
Fluoresceinangiographyrevealedcompleteretinalvenous
occlusion1hafterlaserirradiation,withmarkedfluorescein
leakage frombothlaser-occludedsitesandcapillaries
surroundingtheareaofthecoagulatedtissue(Figure2).
Sevendaysafterlaserirradiation,reopeningoftheoccluded
veinsandtortuousarteriesandveinswereobservedon
fluoresceinangiography.Inratswithyellowprecipitates,
focalretinalhyperfluorescencewasoccasionallyobservedat
21d,anindicationofneovasculartufts.
IntheBRVOgroup,theprogressionofRVOwassimilarto
thatoftheCRVOgroup(Figure3).Hemiretinalvein
occlusionwasseenimmediatelyafterlasertreatment,
followedbyvenousdilatationandtortuosityoftheentire
retinalvessels.After1h,theretinaappearededematous,with
anoutstandingchangeonthetreatedside.Ontheoccluded
side,RDcouldbeobservedat3h,startingfromtheperiphery
oftheretinaandspreadingacrosstheentireretinawithin
RatretinalveinocclusioninducedbyerythrosinB
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Figure3RepresentativefundusphotographsofratBRVOatdifferenttimepoints A:Althoughonlythreeretinalveinsonthenasal
sidewereoccluded,theentireretinabecameedematousat1hpost-irradiation;B:After1d,bullousRDanddisseminatedretinalhemorrhages
formed;C:After7d,whiletheentireretinalookedpale,thiswasespeciallysoonthetreatedside;D:Edemaandhemorrhage
disappearedby14d.
24h.However,retinalhemorrhageswereonlyobservedon
theoccludedsideuntil24hafterlasertreatment.Edemaand
hemorrhagepeakedat4d,graduallydecreasedby7d,and
eventuallydisappearedby14d.
PathologicalChanges BetweentheCRVOeyesandthe
untreatedcontroleyes,thereweresignificantdeclinesinthe
densitiesofnucleiintheGCLoftheentireretinas( <0.01,
ANOVA).Anadditionalpost-hocsubgrouptestwas
performedtorevealtheeffectsoflaserapplicationonGCL
nucleicounts,andsignificantdifferenceswerefoundonlyat
14and21d(Figure4).Decreasesinnucleardensitydueto
celldeathwere10.8%at7d,30.4%at14d,and40.1%at
21d.InvestigatingcelllossintheGCL,similarpost-hoc
resultswereobtainedwhentheperipheralretinaandthe
para-opticretinawereseparatelycomparedtotheequivalent
areaofthecontroleye.At7,14,and21dtheperipheral
retinashowed11.2%,36.7%,and39%losses,respectively,
whilethepara-opticretinadisplayed10.3%,25.7%,and
40.2%losses.Nosignificantdifferenceswerefoundbetween
theGCLcellcountofthepara-opticretinalregionand
peripheralretinainCRVOeyes( =0.91,paired -test).
CelllossintheBRVOgroupwasevaluatedaccordingto
threeaspects.Firstly,wholeretinaGCLcellcountswere
analyzedbetweenthetreatedeyesandthenormalcontrol
eyes.Firstly,sincetherewasnosignificanteffectduetotime
aftertreatment ( =0.23,ANOVA),datafromthethree
timepointgroupsweremergedforfurthercomparison.
Comparedwiththecontralateralnormalcontroleyes(Figure5),
theganglioncellnumberintheBRVOeyeswassignificantly
less(<0.001,paired -test).Secondly,differentretinal
regions(peripheralandpara-optic)ofthelasertreatedside
werecompared,andnosignificantdifferencewasfoundin
cellcounts( =0.64,paired -test).Thirdly,comparisons
betweenthelaser-treatedandtheuntreatedsidesofthesame
eye(Figure6)revealednosignificantdifferenceinganglion
cellnumber( =0.47,ANOVA).
Thenormalratretinahasfivewell-definedlayersinlight
microscopicviewsofthinsections:theinnerplexiform,the
Figure4GCLcellcountindifferentretinalareasatdifferent
timepointsintheCRVOmodel.
Figure6GCLcellcountindifferentretinalareasatdifferent
timepointsintheBRVOmodel:laser-treatedsidecompared
withtheuntreatedsideofthesameeye.
Figure5GCLcellcountindifferentretinalareasatdifferent
timepoints in the BRVO model: the laser-treated eyes
comparedwiththecontralateraleyes.
235Figure7Histopathologyofthepara-opticandperipheralretinasinCRVOandBRVOratmodelsat21d A:Para-opticretinaof
thecontroleye;B:Peripheralretinaofthecontroleye;C:Para-opticretinaoftheCRVOeye:theretinalthicknessisremarkablyreduced
duetothelossofcells;D:PeripheralretinaoftheCRVOeye;E:Para-opticretinaoftheBRVOeye;F:PeripheralretinaoftheBRVOeye.
innernuclear,theouterplexiform,theouternuclear,andthe
GCL(Figure7).Relativetonormalrats,changesin
thicknessesoftheretinallayersweresignificantin21d
CRVOrats.Therewasanobviousdecreaseinthethickness
oftheinnerretina,whichconsistsoftheinnerplexiformand
innernuclearlayers,andalsotheGCL.Theouterplexiform
layeralmostdisappeared,althoughthislayerisverythin
(lessthan10 滋m)inthenormalretina.Themostremarkable
changeappearedintheouternuclearlayer,inwhichthe
numberofnuclearlayersofphotoreceptorcellsdecreasedto
2-3comparedwith10-12inthenormalretina.
Whilechangesinthicknesscouldbeobservedinthe
para-opticretinaof21dBRVOrats,theseveritywasless
thaninCRVOeyes.Incontrastwiththedecreased
thicknessesoftheinnerretinallayersinCRVOrat,changes
intheouternuclearlayerwerenotsignificant.Unlikethe
para-opticretina,theperipheralretinaappearedtosurvive
well,althoughtheinnernuclearlayerbecamelooser.
DISCUSSION
Therathasoftenbeenusedasamodelforstudiesinvolving
eyediseases,notonlybecauseitisrelativelyinexpensiveand
easilyavailable,butalsobecausehumansandratsshare
somecommonfeaturesofretinalvasculaturearchitecture.
Likehumans,ratshavetwomajormicrovascularnetworks:a
superficialandadeepdensecapillarynetwork
[11].Thismakes
theratanidealanimalmodeltomimichumanretinal
vasculardiseases,althoughtherathasnomaculararea
whichlimitsitsusefulnessformimickingallthesignstypical
ofhumanRVO.However,whilethecourseofRVObetween
humansandratsisnotidentical,theratremainsthebest
RVOmodelandanidealinvestigationaltoolsinceitiseasily
handledandtheresponsetotreatmentsisreplicable.
ErythrosinBirradiatedbylaserhaspreviouslybeenusedto
developanimalmodelsofposteriorischemicoptic
neuropathy,neuropathicpain,anddistalmiddlecerebral
arteryocclusion
[8-10].Thisphotothromboticmethodof
vascularocclusionhasgainedwidespreadacceptanceasa
valid,noninvasivemethodforproducingthrombosis.Inthe
presentstudy,wesuccessfullycreatedaratRVOmodel
usingerythrosinB.Inpreliminaryexperiments,weattempted
toinjecttheerythrosinBsolution thetailvein,butfailed
manytimes.Whenwechosethedorsalveinofthepenisthe
injectionwaseasilyaccomplished,sinceitissuperficialand
largerthanthetailvein.Therefore,ratherthanusingthetail
vein,inthepresentstudytheerythrosinBsolutionwas
injectedintotheproximalpartofthesuperficialdorsalvein
ofthepenis,intheregionofthepenileroot.
Thelaserenergyusedinourstudywaslowerthanthat
reportedinseveralsimilarRVOanimalmodelstudies
[6,12-14].
Webelievethatlesslaserenergyisgentlerontheretinaand
isabettermimicofhumanRVO.MosthumanCRVOsare
causedbyintraluminalthrombus
[15];inourratmodel,
thrombiwereinducedbygreenlaserirradiationontarget
branchveinsthatwereinfusedwitherythrosinB,creatinga
RatretinalveinocclusioninducedbyerythrosinB
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histopathologysimilartothatofhumanRVO.
Fundusphotographyandfluoresceinangiographyrecordeda
naturalcourseofveinocclusioninboththeCRVOand
BRVOgroups:veinsoccludedimmediatelyafterlaser
irradiationandwerecompletelyreperfusedat7d.Thetissue
responsewassimilartothatofhumanRVO,including
venousdilatationandtortuosityafterocclusion,edemaofthe
entireretinaobservedonehourafterirradiation,remarkable
superficialanddeepretinalhemorrhages1dafterirradiation,
andsubsequentgradualregressionovertime.Insomecases
ofCRVO,yellowprecipitateswereobservedby21d.These
yellowprecipitatesarepresumedtobehemosiderindeposits,
anindicationofpreviousretinalhemorrhage
[16].
Animportantcharacteristicinthismodelisatemporary
markedexudativeRDafterlasertreatment,duetosubretinal
serousleakagefromthedamagedmicrocirculatorysystem.
SerousRDisnotcommoninhumanCRVOorBRVO,and
itsoccurrenceintheratlikelyreflectsanatomicdifferences
betweenrodentandprimatevascularandretinalarchitecture.
TherateofRDinourexperimentswas100%,asinanother
ratCRVOexperiment
[17].Inanotherstudy,theauthors
claimedanRDincidenceof25%intheirratmodels,and
speculatedthatveinsirradiatedataspotdistanceof1.5-2.0
diskdiametersawayfromtheopticnervemayexplainthe
lowerrate
[7].However,wedidnotachievethatoutcome
despiteapplyingthesamemethodexceptforadifferent
photosensitizer.
Ocularischemiaultimatelyleadstoneuronaldeath.Ofthe
differentretinalneurons,retinalganglioncellsarethoughtto
bethemostvulnerabletoischemia
[18].Inourstudy,compared
withthecontralateralcontroleyeswefoundsignificant
declinesinthedensitiesofnucleiintheGCLofCRVOeyes,
whilethoseofthepara-opticandperipheralretinawere
comparable.Thisresultisconsistentwithwhatweobserved
duringthecourseofCRVOcourse,namely,theedemaand
hemorrhageoftheentireretina.Obviousfeaturesobservedin
theretinasofCRVOpatientsareinnerischemicatrophywith
lossofnervefiber,ganglioncell,andinnerplexiformlayers,
andlossoftheinneraspectoftheinner-nuclearlayer
[19].
Similarly,wefoundinthisCRVOratmodeladistinct
decreaseinthethicknessoftheinnerretina.Suchresults
suggestthatourratCRVOmodelsaresimilarhistologically
tohumanCRVO.
IntheBRVOgroup,theresultsweresimilar:significant
differencesinGCLcelllossesbetweenthetreatedand
untreatedcontralateraleyes,withlittleornochangesinthe
para-opticandperipheralretinas.Thesecelllossessuggest
thattheretinalareasurroundingtheirradiatedspotdidsuffer
fromischemia,andtherewasnodifferenceinseverityof
ischemiabetweenpara-opticandperipheralretina.Inratsof
theBRVOgroup,therewasnosignificantdifferenceincell
losesbetweenthelaser-treatedanduntreatedeyes.This
suggestsasimilarpathologicalcourseinbothsides.Itmay
bethattheentireretinawasedematous,andthevariance
withhumanBRVOcouldbeduetodifferencesinanatomy.
Wealsofoundadramaticdecreaseinthenumberof
photoreceptorcellsintheCRVOmodel.Photoreceptor
apoptosiswaspreviouslyobservedinexperimentalRDin
rats
[20].ThusthebullousRDthatoccurredinourstudymay
beatleastpartiallyresponsiblefordecreasesinthecellsof
theouternuclearandouterplexiformlayers.However,
anotherratCRVOstudywithoutRDalsoshowedvisibly
fewercellsintheouternuclearandouterplexiformlayers
[7].
Thisevidencesuggeststhatphotoreceptorcelllossdueto
ischemianotonlycausedRDbutalsoveinocclusion.
However,wemustnotethatusuallythereisnoevident
atrophyoftheouternuclearandouterplexiformlayersin
humanCRVO,exceptincaseswithconcomitantchronic
maculardetachment.Thus,themajorlimitationofthismodel
isthattheouterretinaldiseaseinducedbytheirradiationis
muchmoreseverethanthatwhichoccursintheCRVO
patient.Thismaybeassociatedwiththeinflammation
generatedfromthismodel(inadditiontoischemia)andthe
resultantexudativeRD.Wethinkthisanimalmodelismore
suitableforstudyingRVOwithchronicRD.
Insummary,hereinwedemonstratedthedevelopmentof
CRVOandBRVOratmodelsandtheirnaturalhistory
duringtheinitial21dafterirradiation.Themodelisa
possiblemeansofstudyingthepathogenesisofRVOand
evaluatingtheeffectsofpharmaceuticaltreatments.
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